Explicit formulae are developed for determining the derivative parameters of a monotonic interpolation method of Gregory and Delbourgo (1982) .
Introduction
In Gregory and Delbourgo (1982) a C 1 monotonic interpolation method is described which interpolates given monotonic data. The purpose of this note is to develop explicit formulae for determining the derivative parameters of the scheme from the given function valued data. Let (x i ,f i ), i = 1,...,n, denote the data, where x 1 < x 2 < ... < x n , and assume that f 1 ≤ f 2 ≤ . . . ≤ f n (monotonic increasing data). Then derivative parameters This function is defined, for x є [x i ,x i+1 ], i = 1,...,n-1, by When f i = f(x i ), i = 1,...,n, where f is a strictly monotonic increasing function, the interpolant has an error bound of the form The approximations developed here also provide end conditions for the C 2 rational quadratic spline method of Delbourgo and Gregory (1983) .
The spline method determines 0 ( 
where 
has the unique solution
It suffices to prove (2.7) for the index set I = {1,2,...,m}, although different sets will be considered in our application of the lemma. The system (2.6) then assumes the form
The coefficient matrix has the non-zero Vandermonde determinant defined
and (2.8) has the unique solution
Let λ >0 and λ j >0 be given such that
where b k are constants (independent of j), ε = max| ε j | and the ε j satisfy the hypotheses of Lemma 2.1.
Then the generalized arithmetic, geometric and harmonic means defined by 
Thus A = λ + 0( ε m ) for α j satisfying (2.6).
(ii) Noting that λ j > 0 and λ > 0, we take the logarithm of the geometric mean and substitute (2.9) to give satisfying (2.6) and hence H = λ + 0 ( ε m ).
In our application of Lemma 2.2 the weights a. will not necessarily be all positive. However, for positive weights we have the standard inequality 0 < H < G < A Lemma 2.2 also holds for the case λ < 0, λ j .<0, j є1, with the geometric mean now being defined by
However, this result is not needed here in our treatment of monotonic i n c r e a s i n g d a t a . 
w h e r e a n d ε
i j = x j -x i . T h u s ( 2 . 1 1 ) c a n b e u s e d a s the hypothesis (2.9) of Lemma 2.2.
In the next section we give specific examples of the application of Theorem 2.1 appropriate to the piecewise rational quadratic interpolation m e t h o d .
Examples and Numerical Results

Test problems
We have applied the rational quadratic scheme to three monotonic increasing data sets using derivative approximations defined in the next two subsections. The first set of data is that given in Table 1 and is an example used by Fritsch and Carlson (1980) . The second is that used by Pruess (1979) and is given in Table 2 . The third set of data consists of points spaced at 15° arguments over a quarter circle and is distinguished by the difficulty of an infinite gradient at an end point. I n = {n-2,n-1} for d n .
The 0(h 2 ) approximations will give an 0(h 3 ) error bound for the rational quadratic method. The weights associated with the formulae are given in terms of the interval lengths as
α n, n-1 = 1 + h n-1 /h n-2 , α n, n -2 = -h n-I /h n-2 for d n
The arithmetic means for d 1 and d n can be negative, such values being replaced by zero in the rational quadratic scheme. The geometric and harmonic means are all non-negative, the harmonic means having the simplified
This form for d. is one used in Gregory and Delbourgo (1982) I n = {n-3,n-2,n-l} for d n , I n -1 = { n-3, n-2, n} for d n -1 . Table 4 . E = || f -s || ∞ , 0(h 4 ) interpolation methods, f(x) -exp(x)
Conclusion
Given a monotonic data set, a C 1 monotonic interpolant can be constructed using piecewise rational quadratic interpolation. The theory and results indicate that if the derivative parameters of the scheme are to be calculated from explicit formulae, then the geometric or harmonic approximations of this paper should be used. In particular, for most practical purposes, the formulae giving the 0(h 3 ) interpolation methods described in sub-section 4.2 should be adequate.
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